This study concentrates on the effect of real depreciations of a currency on one key aspect of economic development, the distribution of income. Based upon the recent availability of a real depreciation index and two databases on Gini coefficients, we investigate how real depreciations affect levels and changes in the distribution of income. The panel evidence of more than 158 countries indicates that real depreciations are associated with a decline in levels of income gap between the rich and the poor. They, however, have no statistically significant association with changes in the distribution of income. Therefore, the relationship between real depreciations and levels of the distribution of income is likely to stem from reverse causality. Our main findings may help policymakers who attempt to use a currency depreciation policy fully realize that the policy at least does not hurt the poor.
Introduction
Although most recent empirical studies have shown that a real depreciation is able to foster long-run growth, there is no such thing as a free lunch in the world (Note 1). In practice, Cooper (1971) reports that in the majority of the 24 cases he analyzed, the finance minister who had engineered the depreciation had been ousted from office 18 months later (Note 2). Presumably, such dismissals arise from discontent of a majority or of a politically powerful minority. Such discontent might arise even if average growth is positive. This suggests again the existence of potential negative effects of a currency depreciation policy. Since about four decades ago, in fact, economists have studied the theoretical possibility that a real depreciation may result in a reduction of total output, increased unemployment, or deterioration of the income distribution (Note 3).
However, most previous studies focus on a nominal depreciation, rather than a real one. The distinction matters for both theorists and policymakers. From theorists' perspectives, a nominal depreciation only measures how much the nominal exchange rate, defined as the unit of a foreign currency per domestic one, declines relative to its previous level. The nominal depreciation fails to show the deviation from its equilibrium level, which is exactly what a real depreciation can measure. According to the "Washington Consensus", an economy may justify a nominal depreciation of its currency as a behavior of moving back to its equilibrium level, but a real depreciation implies a persistent deviation from its equilibrium level, which can be viewed as a strong signal of macroeconomic disequilibrium (Williamson, 1990) . Meantime, from policymakers' perspectives, although a nominal depreciation is an important policy tool to achieve a real depreciation in the long term, other policy tools, such as fiscal and income policies, are also able to lead to a real depreciation (Note 4). Consequently, in both theoretical and policymaking senses, studies on potentially negative influences of a real depreciation can complement the literature on the relationship between real exchange rates and development planning and strategies.
and Solt (2016) , respectively. Following the traditional literature on income inequality, we first consider the effect of real depreciations on levels of income inequality. We find that real depreciations are associated with a decline in levels of income inequality of a country.
However, such a relationship may suffer from serious problems of reverse causality given the fact that the distribution of income is persistent in many countries (so current levels of income inequality are highly correlated with past levels). To address this concern, we then examine the relationship between real depreciations and year-to-year changes in income inequality. Our panel evidence of 158 countries indicates that the above mentioned relationship between real depreciations and levels of income inequality appears to stem from reverse causality as real depreciations do not have a significant influence on changes in income inequality.
Although the literature will be reviewed in detail below in Section 2, here it is worth pointing out that this study is distinct from the previous ones in the following respects.
First, as mentioned above, we emphasize possibly negative effects caused by the deviation of real exchange rates from their equilibrium levels (real depreciations), instead of their period-to-period fluctuations (nominal depreciations) which are main interests of previous studies. Making use of the depreciation index advanced by Rodrik (2008) , we can examine how a country's macroeconomic disequilibrium, gauged by the index, affects its distribution of income.
Second, due to the lack of data, in particular statistics on the distribution of income across countries, the existing empirical literature mainly considers the relationship between (nominal) depreciations and proxies for the income distribution, such as real wages, labor's share in GDP and employment (Note 4). In contrast, to eliminate concerns as to how well those proxies are able to represent income inequalities, this study employs Gini coefficients, a widely accepted indicator measuring the distribution of income in a country. Owing to the limitation of data, introducing Gini coefficients to a panel analysis is almost impossible until the WIID and the SWIID recently become available. The two databases facilitate our panel analysis by providing more comparable and continuous data of Gini coefficients both across countries and over time.
Third, in terms of estimation methods, most empirical studies on income inequality use cross-sectional estimation technique whereas we choose panel estimation in this paper to control for differences in time-invariant, unobservable country characteristics. Furthermore, with respect to policy implications, even though we find a statistically significant relationship between real depreciations and income inequality across countries, it is still unclear whether the same relationship holds over time within a country. Panel techniques, however, can specifically estimate how a change in real depreciations is associated with a change in a country's income inequality.
To summarize, this study addresses each of these three aspects discussed above and examines the distributional effects of real depreciations based upon the availability of the new depreciation index, the new databases of Gini coefficients, and panel techniques. The study may help policymakers who attempt to use a depreciation policy as part of a policy package to stabilize their economies fully realize that a real depreciation will not hurt the distribution of income. Meanwhile, our findings indicate that the deterioration of income inequality is not a potential explanation as to why policymakers in developing countries usually prefer highly distorted policy tools, such as tariffs and import quotas, to a depreciation policy.
The remaining part of this paper is organized as follows. Section 2 reviews the literature empirically investigating how real exchange rates affect the income distribution. Section 3 describes our econometric methodology and the measures of income inequality employed in our study. Section 4 presents empirical results and Section 5 concludes.
Literature Review
The traditional theory implies that the impact of a real depreciation on the income distribution differs depending on circumstances. In the short run, a real depreciation policy raises the price of tradables relative to that of nontradables and, hence, increases profitability of the tradable sector. Both labor and owners of capital in this sector benefit from the rapid development of the tradable sector. Their counterparts in the nontradable sector, however, are worse off because the increase in the price of tradables enhances the overall price level if one assumes that real wage and capital returns are sticky in the short term. In the medium term, free labor movement ensures wage rates to be equalized across sectors for the same type of labor. As a result, the distributional effect of real depreciations for a specific type of labor depends upon individual consumption patterns: households with a high propensity to consume imports and tradables lose relative to those with a low propensity. In the long run, such an effect relies on the factor intensity of the tradable sector: labor will win if the production of tradables is ijef.ccsenet.org International Journal of Economics and Finance Vol. 9, No. 3; more labor intensive, while owners of capital will gain if the production of tradables is capital intensive (Note 5).
Compared to the theoretical development, the empirical investigation of distributional effects of real depreciations is relatively scanty. Edwards (1989b) uses data for the 39 devaluation episodes from 29 developing countries to analyze the relationship between devaluations and real wages, a proxy for the distribution of income as he claims. He chooses three types of wages: non-agricultural wages, manufacturing wages and agricultural wages, and compares changes in these wages between three years before the devaluation and three years after the devaluation. Although he acknowledges that his conclusion is very preliminary due to the limitation of the data and the methodology, his finding suggests that real wages exhibited an important increase in the year prior to the devaluation and decreases in the years following the devaluation (Note 6). Edwards also investigates the evolution of labor's share in GDP as another proxy for the income distribution. The test results indicate that there were no significant changes in income distribution in the period surrounding devaluations, which differs from the conclusion he draws according to the data on real wages (Note 7).
Compared to a study using regression analysis, the obvious limitation of Edwards' methodology is that it concentrates on the behavior of the key variables "before" and "after" the devaluation without taking into account the possible role of other polices or external events. In other words, there might be some other factors that raised or lowered real wages during the period of devaluations, especially since devaluations often occur during macroeconomic crises. The limitation, however, can be mitigated once we collect appropriate data and employs regression analysis with control variables. Galindo et al. (2007) look at the effects of real depreciations on industrial employment. Using a panel dataset on industrial employment and trade for nine Latin American countries, they conclude that real depreciations impact employment growth positively in countries with high trade openness (Note 8).
However, Galindo et al. (2007) shares the same deficiency with Edwards (1989b) , namely that real wages or labor shares in GDP or employment are not direct proxies for the income distribution or inequality. One may raise a concern about how well these proxies are able to represent the income distribution across the total population, sectors or countries. Take real wages as an example. As Minot (1998) points out, in most developing countries, wage data refer to the urban formal sector and do not necessarily reflect the standard of living of the poor in the urban informal sector and in rural areas. Moreover, even though the relationship between real depreciations and real wages or employment is as claimed by the authors, it cannot offer any insight on how real depreciations influence the income distribution of a country as a whole. The reason is that these studies focus on returns to labor (real wage) but ignore returns on capital. In fact, at least in the short term when capital is not free to move across sectors, real depreciations are able to raise temporarily returns to capital in the tradable sector relative to those in the nontradable sector. As a result, although real depreciations lead to a rise in real wages, it is likely to occur that income inequality of a country becomes worse as returns on capital rise faster than real wages do.
In contrast to these indirect proxies, the Gini coefficient is a direct measure of income inequality which is the most widespread one due to the availability of its data both across countries and over time. One of the Gini coefficient's main advantages is to demonstrate how income has changed across the whole population, covering wage earners, capital owners, and all others. Another advantage of the Gini coefficient is that it can be simply compared across countries since it is a ratio whereas other measures, such as wages or per capita income, are usually expressed by local currencies. Further, Clarke (1995) finds that the Gini coefficient is highly correlated with other measures of income inequality. Along with these strengths, however, one weakness of the Gini coefficient is that the same value of the Gini coefficient may represent more than one Lorenz curve. Thus, a trivial change in the Gini coefficient might not necessarily indicate the same trivial change in income inequality. But this problem is not unique to the use of the Gini coefficient (Note 9).
Bahmani-Oskooee (1997) is thus far the only empirical study using Gini coefficients to consider the relationship between (nominal) depreciations and income inequality. Based on a cross-country sample of 24 observations, he finds that nominal depreciations are correlated to a rise in income inequality. It is evident that any conclusions derived from a sample of 24 observations might not be generalized. The lack of data on Gini coefficients is the main reason that other authors used proxies of income inequality, such as real wages or labor shares in GDP or employment. Besides the scarcity of sample observations, another flaw in Bahmani-Oskooee (1997) is from the cross-country regression technique he uses. As discussed in the introduction, cross-country estimators can be severely biased by omitted variables. In addition, as far as policymaking decisions, the cross-country results are not informative since it fails to address the issue of how a change in real devaluations within a given country affects a change in that country's income inequality.
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International Journal of Economics and Finance Vol. 9, No. 3; Last, as discussed in the introduction, note that all above the studies look at the relationship between (nominal) depreciations and income inequality. In other words, these authors ascribe changes in inequality to period-to-period fluctuations of exchange rates, instead of macroeconomic disequilibrium gauged by the deviation of real exchange rates from their equilibrium levels.
Methodology and Data

Real Depreciations and Levels of Income Inequality
Following the literature on income inequality, we first consider the level of income inequality, i.e. the level of the Gini coefficient, as a dependent variable to test the effects of a real depreciation on the income distribution (Note 10). Based on the Kuznets' hypothesis and other existing empirical work, we choose initial per capita income, growth rates of GDP per capita, and population growth as explanatory variables, besides our depreciation index (Note 11). Hence, the econometric specification takes the form:
where I it is the Gini coefficient, y i,t-1 is the initial per capita income, g it is the growth rate of GDP per capita, and p it is population growth for country i at year t. Given that a higher value of the depreciation index suggests the more a country tends to keep its real exchange rate below its equilibrium level, a real depreciation will be positively associated with an increase in income inequality if α 1 is positive. The theoretical studies mentioned in previous sections lead to an ambiguity of the sign of α 1 , depending upon how a real depreciation moves productive resources between the tradable and nontradable sectors and how returns are distributed within each sector.
Moreover, as a robustness check, we also replace the Gini coefficient with income shares of the top and bottom quantile to investigate how a real depreciation affects income of the two extreme groups. All results of the robustness check are reported in the appendix.
Real Depreciations and Changes in Income Inequality
Although using the level of Gini coefficients as a dependent variable is the most common in the literature, the econometric specification, like equation [1], may suffer from serious problems of endogeneity or reverse causality.
Suppose α 1 in equation [1] is found to be statistically significant. Does that mean that a real depreciation could affect the level of income inequality so that an economy could alter the distribution of income by changing its real exchange rate? Or does that merely mean that income inequality partially causes an economy to choose a specific level of real exchange rates in which case a policy that affects a real depreciation will not then lead to any change in the degree of income inequality. The occurrence of the latter scenario, in fact, is highly possible, as shown by Cooper (1971) . If an economy is polarized and the rich minority is politically powerful, they have many incentives to prevent real depreciation. For instance, if the revenue of the rich minority is mainly from exports of natural resources or primary products, a real depreciation will lead to a permanent decline in their revenue. Moreover, if the rich has a higher propensity to consume imports than the poor does, a real depreciation will constrain the consumption of imports of the rich more than that of the poor. Under these circumstances, owing to its own benefits, the rich and powerful minority will prefer an appreciation policy to a depreciation one. The causality, hereby, likely runs in the opposite direction, that is, from income inequality to a real depreciation (or an appreciation).
These possibilities are quite relevant to this analysis since the literature has shown that the income distribution is determined by many fundamental factors and is relatively stable for many countries (Note 12). Therefore, equation [1] might not be good at showing the distributional effects of real depreciations as current levels of income inequality are highly correlated with past levels. Taking this into account, we also use year-to-year changes in the Gini coefficient as a dependent variable in the following alternative specification.
where the dependent variable is the difference of Gini coefficients between year t and t-1. In this regard, our specification more closely follows that of Edwards (1997) , Savvides (1998) and Sylwester (2002 Sylwester ( , 2003 . These studies use the changes in the level of income inequality as the dependent variable when examining how trade policies or education expenditures influence the distribution of income.
Obviously, a disadvantage of using the change in income inequality is that we will lose some observations because we need two consecutive years' values of income inequality to calculate one difference. This problem ijef.ccsenet.org
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will not be intractable if the data of Gini coefficients are continuous over time for most countries. However, Gini coefficients were reported once every five or ten years before the 1990s, especially in developing countries, resulting in the loss of many observations. Given that the information on income inequality is already scarce, this is an important reason why most previous studies either use the level of Gini coefficients or present cross-sectional evidence, instead of panel evidence. This is also the reason why we still consider equation [1] where the level of Gini coefficients is the dependent variable, even with the above mentioned problems. However, one dataset which is recently available enables us to use changes in Gini coefficients under the framework of panel-data analysis without losing too much information.
Data
The data on Gini coefficients and population growth are from the World Development Indicators (WDI) 2016. The data on nominal exchange rates, purchasing power parity conversion factors, income per capita, and annual growth in GDP per capita are collected from the Penn World Tables (PWT) Version 8.0.
However, most of the data on Gini coefficients from the WDI are discontinuous over time. We have 794 observations across 158 countries when using the level of Gini coefficients as a dependent variable, but both numbers decline dramatically when switching to the change in Gini coefficients as a dependent variable. The sample comprises only 252 observations across 48 countries, including 78 observations from 21 developing countries. Apparently, the WDI dataset does not allow us to derive any reliable conclusions from the regressions with the change in Gini coefficients as a dependent variable.
Recently, following the methodology of Deininger and Squire (1996) , the World Institute for Development Economics Research of the U.N. University (UN-WIDER) made their updated version (3.3c) of the World Income Inequality Database (WIID) accessible to the public. The WIID 3.3c is the most comprehensive dataset of income inequality statistics, providing a total of 6,854 observations across 179 countries. Although special efforts are made so as to maximize the comparability of the data both across countries and over time, the data still contain a large variety of income definitions, area and population coverage, reference units, and sources of surveys. The most common combination includes only 738 observations across 95 countries and, hence, loses the majority of the information in the original dataset (Note 14). Solt (2016) creates the Standardized World Income Inequality Database (SWIID) to better deal with the trade-off problem between comparability and coverage in the WIID. A custom missing-data algorithm was employed to standardize the WIID. The SWIID only reports two comparable Gini indices, based on gross and net income, from 176 countries for as many years as possible from 1960 to present. The SWIID is particularly suited to our study as it enhances the comparability and continuity of Gini coefficient data both across countries and over time without a substantial loss of coverage. Accordingly, in our empirical tests discussed below, we use the SWIID as a parallel dataset of the WDI to examine the relationship between real depreciation and income inequality. Table 1 presents regression results based on a sample of all countries and one of just developing countries, respectively. As previously discussed, we introduce the quadratic term of the initial income only when the levels of Gini coefficients are dependent variables so as to account for a possible Kuznets' curve.
Empirical Results
Real Depreciations and Levels of Income Inequality
Obviously, real depreciations are correlated with a decrease in levels of income inequality of a country since the coefficients on the depreciation index are negative no matter what samples are used. These coefficients are almost all statistically significant at the 1-percent level, except the one with the Gini coefficient of net income as a dependent variable in the sample of all countries. As discussed in the last section, identifying causality from these results is problematic since a country with a relatively unequal distribution of income might exert more effort to prevent real depreciations than their counterparts with a relatively equal distribution of income.
In addition, the coefficients on control variables display the following implications. First, the positive sign on the initial income together with the negative sign on the quadratic term of the initial income are supportive of the Kuznets' hypothesis in the sample of all countries. But the same inverted-U shape is not shown in the sample of developing countries. Second, population growth is a statistically significant factor correlating to a higher Gini coefficient. Note. Here GINI1, GINI2, and GINI3 are dependent variables. GINI1 is the data of Gini coefficients obtained from the WDI; GINI2 is the data of Gini coefficients obtained from the SWIID and calculated based on gross income; GINI3 is the data of Gini coefficients obtained from the SWIID and calculated based on net income.
Real Depreciations and Changes in Income Inequality
As mentioned in previous sections, the discontinuity of the WDI data on Gini coefficients results in a large loss of sample observations. When using the WDI data, only 252 observations from 48 countries are available for the sample of all countries and 78 observations from 21 countries for the sample of developing countries (see columns 1 and 4 in Table 2 ). On the basis of these small samples, we find that real depreciations are negatively correlated to changes in inequality and that such relationships are statistically significant at the 10-percent level in both samples. Again, we remind readers to consider the reliability of these results with caution.
Focusing on the results based on the SWIID data, problems with small sample estimation disappear since we obtain more than 1,100 observations from 78 developing countries. Three out of four real depreciation coefficients are negative but all of them are statistically insignificant. That means that real depreciations do not have a significant impact on changes in the distribution of income and, hence, the negative and statistically significant coefficients on real depreciations reported in Table 1 are likely to convey reverse causality. With a view of policymaking considerations, these insignificant coefficients may be good news for developing countries (about to) pursuing a real depreciation policy as there is no evidence that doing so will lead to the deterioration of income inequality for a country as a whole. Furthermore, population growth may lower changes in inequality and the initial level of income has no effect on changes in inequality. Note. Here ∆GINI1, ∆GINI2, and ∆GINI3 are dependent variables. ∆GINI1 is calculated based on the data of Gini coefficients obtained from the WDI; ∆GINI2 is calculated based on the data of Gini coefficients of gross income obtained from the SWIID; ∆GINI3 is calculated based on the data of Gini coefficients of net income obtained from the SWIID.
Concluding Remarks
We examine the distributional effects of real depreciations based upon the availability of the new depreciation ijef.ccsenet.org
International Journal of Economics and Finance Vol. 9, No. 3; index, the new databases of Gini coefficients, and panel-data estimation techniques. Our main findings are the following. First, real depreciations are associated with a decrease in income inequality, but such an association appears to be dominated by reverse causality since countries with high initial inequalities, such as Latin American economies, prefer a real appreciation policy whereas countries with low initial inequalities, such as East Asian economies, prefer a real depreciation policy. Second, real depreciations have no significant effects on changes in income inequality at the 5-percent level, implying that an increase in inequality is not a subsequent consequence of pursuing a real depreciation policy.
Although this study contributes to the literature by investigating how real depreciations affect income inequality of a country as a whole, specific channels through which such impacts can be realized are still mysterious. For example, in the short run, are the effects of real depreciations upon wage rates and returns on capital distinct across the tradable and nontradable sectors? In the medium run, are the effects of real depreciations upon consumption distinct across consumers with different propensities to consume? In the long run, are the effects of real depreciations upon income inequality distinct across countries with different factor endowments? Along with the availability of more databases, relevant empirical examinations should be conducted in the future.
proxy for the income distribution. He reminds us that these findings on labor's share in GDP are remarkably inconclusive because, for most countries, labor shares move very slowly through time, making the analysis on the distributional impacts of (real) devaluations rather difficult.
Note 9. Such an effect will be reversed as liability dollarization increases. That is, the overall impact of real depreciations is negative in the industries with high liability dollarization.
Note 10. See Sylwester (2002) .
Note 11. Among others, Ahluwalia (1976) , Papanek and Kyn (1986) , Clarke (1995) and Easterly (2007) use the Gini coefficient as a measure of income inequality to study the relationship between the income distribution and economic development.
Note 12. See Kuznets (1955) , Cline (1975) , Papanek and Kyn (1986) , and Bahmani-Oskooee (1997) for the selection of control variables.
Note 13. See, for example, Edwards (1997) and Sylwester (2002) .
Note 14. See Solt (2016) for details.
Appendix 1: Real Depreciations and Income Shares
To further explore the mechanism through which real depreciations affect the income distribution of a country, we employ what are available in the WDI, the income share of highest 20 percent and lowest 20 percent, to investigate the impact of real depreciations upon income of the two extreme groups in the total population. What are shown in Table 3 are the results based on the sample of all countries. We replace Gini coefficients by the income shares as dependent variables, keeping the same control variables. Interestingly, real depreciations influence the income share of highest 20 percent and the income share of lowest 20 percent in opposite ways: they coincide with a decrease in the former but an increase in the latter. In other words, on average, the rich lose and the poor benefit from a real depreciation policy. Despite the ambiguity of the theoretical background of the empirical results, they do provide a possible explanation why policymakers in developing countries usually prefer to implement highly distorted policy tools, such as tariffs and import quotas, instead of devaluing. If one can suppose that the rich who will suffer from real depreciations has much stronger influence upon political decisions, in particular in developing countries, public policies are likely to be shaped in favor of the rich minority.
Meanwhile, Table 2 reveals the following outcomes. First, the income share of highest 20 percent exhibits an inverted-U shape along with the level of initial income, whereas the income share of lowest 20 percent exhibits an upright-U shape. Second, the rich benefits from population growth, while the poor loses. 
